In 1909 Charles Walcott discovered the remarkable soft-bodied animal fauna of the Middle Cambrian age Burgess Shale in British Columbia. These fossils have become the iconic representation of the astonishing expansion of animal diversity during the Cambrian, including the first appearance in the fossil record of essentially all living phyla, known as the "Cambrian explosion." Although the Burgess Shale biota is the public face of the Cambrian explosion, even appearing on a 1995 cover of Time, it is only a small part of the story (and somewhat late in the tale). Most readers will be familiar with the Cambrian explosion through Stephen Jay Gould's 1989 book Wonderful Life (1989) or perhaps Martin Brasier's more recent Darwin's Lost World (2009). Both of these books were written to reach a general audience.
What has been lacking to date is a more technical book, aimed at students and professionals, which summarizes and introduces the tremendous amount of research that this episode of earth history has received in the last 25 years. The Cambrian Explosion: The Construction of Animal Biodiversity by Douglas H Erwin and James W Valentine more than fills this need. It will become required reading for anyone who wants to understand the multiple lines of evidence, from geology, geochemistry, paleontology, genetics, phylogenetics, comparative morphology, and ecology, that have to be integrated to understand one of the most important episodes in the history of life. The authors, both paleontologists, are deeply respected authorities on evolution and the Cambrian fossil record, with a welldeserved reputation for innovative approaches.
This book necessarily covers a tremendous amount of ground; the forty-two pages of references demonstrate the depth and breadth of scholarship that the authors summarize. The first section covers the geological context of the explosion, stretching back to the Snowball Earth episodes of the Cryogenian. This includes summaries of the current status of the absolute and relative time scales for this period and what geochemical proxies reveal about ocean chemistry, including oxygenation states and changes in the carbon cycle. The latter is unfortunately the weakest part of the book; there is very poor integration between figures (which come from external sources) and text; the figure captions and labels are inadequate.
The book hits its stride in the next section. It begins with a brief review of phylogenetics and of living metazoan morphology and relationships, a subject Valentine explored in more depth in his comprehensive earlier book, On the Origin of Phyla (2004) . This is followed by a review of our current understanding of the enigmatic multicellular organisms of the Ediacaran biota and their implications for the Cambrian explosion that followed. The next chapter discusses the amazing Cambrian biotas that are now known not only from the Burgess Shale, but also from numerous other exceptionally preserved faunas, in particular the Early Cambrian Chengjiang fauna of China. The beautiful reconstructions of these animals by artist Quade Paul grace the cover and many pages of this book. Paul's artwork is among the best paleoart I have ever seen and truly brings these ancient forms to life. These animals are also put into the phylogenetic context of the modern forms discussed earlier.
The third section of the book investigates the possible ecological, genetic, and developmental underpinnings of the explosion. It begins with a chapter on the origins of new biological community structures during the Cambrian; there is a particularly interesting comparison to economists' models of the role of technological innovation. The next chapter focuses on details of the roles that genetic and developmental mechanisms may have played. This material is necessarily dense and detailed; readers unfamiliar with some of the concepts may benefit from first reading Sean Carroll's Endless Forms Most Beautiful (2005) and Neil Shubin's Your Inner Fish (2008).
The final section integrates the preceding material, including a tentative narrative of the origins of the characters of modern phyla, going back into the Ediacaran. The convincing take home message of The Cambrian Explosion is that the explosion cannot be understood or explained by considering an isolated form of data or invoking a single causal mechanism. As Erwin and Valentine put it (page 319), "one conclusion we can draw with confidence is that it is futile to attempt to explain the explosion by invoking any single factor." Instead, it needs to be interpreted as involving new networks of interactions among and within what they term the "macroevolutionary triad" of the physical marine environment, ecology and development. This involves co-evolution of the physical and the biological world (for example, the biologically produced rise of atmospheric oxygen), the evolution of novel genetic and developmental mechanisms, and the development of new ecological structures.
The Cambrian Explosion is well written and beautifully illustrated with full color drawings and artwork. With this book, Erwin and Valentine have established what will become the foundation for research into this critical episode for at least the next decade and probably beyond. For readers of RNCSE, it will be an invaluable reference for understanding the true nature of this period and its implications for the evolution of life on Earth.
